This study was designed to test the hypothesis that patients undergoing definitive surgery for chronic ulcerative colitis have reduced direct medical costs after, as compared with before, total proctocolectomy.
costs of hospitalization and missed work days, respectively). Moreover, CUC impairs quality of life (QOL) for patients as compared with reference populations. [2] [3] [4] [5] Although the mainstay of treatment for CUC is pharmacologic therapy, approximately 30% of these patients will require surgical intervention throughout their lifetime.
The surgical therapy of choice for CUC is total proctocolectomy with ileal pouch-anal anastomosis (IPAA) or Brooke ileostomy (TPC-BI). These operations are curative of the colonic manifestations 6 and result in a QOL equivalent to that of healthy patients without CUC. 7, 8 Nevertheless, the timing of surgery is controversial, with patients, gastroenterologists, and colorectal surgeons all differing in their view of the appropriateness and timing of surgery for CUC. 9, 10 In general, surgery for CUC has been relegated to a therapy of last resort. Two recent population-based studies suggest that surgery should not be a therapy of last resort because this strategy may increase mortality. 11, 12 Performing surgery for CUC in an elective setting avoids the added costs and complications associated with maximal medical therapy, such as high-dose corticosteroids or monoclonal antitumor necrosis factor alpha antibodies. 13 Patients who receive maximal medical therapy preoperatively are at increased risk of complications, including pelvic sepsis, which may have long-term adverse effects on pouch function and health-related QOL. 14 -16 Although surgery and its complications are known to be costly, [17] [18] [19] few studies address the direct costs of medical therapy as compared with surgical therapy for CUC, and those studies report conflicting results. 20, 21 In addition, there are limited population-based data regarding the cost of medical care for CUC. It is in this context that we aimed to quantify direct costs and associated healthcare resource utilization before and after definitive surgery in a well-defined population of CUC patients. We hypothesized that definitive surgery in the form of total proctocolectomy for CUC results in decreased direct costs and healthcare resource utilization after, as compared with before, surgical intervention.
PATIENTS AND METHODS

Study Setting
Our study population was based in Olmsted County, Minnesota ( Fig. 1) . Currently, there are approximately 139,747 residents of Olmsted County based on the US Census Bureau data estimates for 2007 (http://quickfacts.census.gov/ qfd). The urban center of Olmsted County is Rochester, with an estimated 2007 population of 96,975 persons. The remaining population is mostly rural. From within this population, a cohort who underwent surgery for CUC was identified using the Rochester Epidemiology Project (REP).
Rochester Epidemiology Project
The REP is a unique, National Institutes of Health-sponsored medical-records linkage system that organizes and provides access to information about the vast majority of health care that Olmsted County residents receive by linking and indexing the records of virtually all providers of medical care to Olmsted County residents. 22 This linkage system allows all residents who received a diagnosis in a particular time period to be identified by an electronic search. Virtually all medical records (including outpatient, clinic, and emergency department visits, hospitalizations in the county's three hospitals, inpatient and outpatient laboratory results, and correspondence) from all sources of medical care within the county are indexed and retrievable through this system. Previous studies have shown that Ͼ96% of all care provided to Olmsted County residents is provided within the county, and 94% of residents have provided research authorization to participate in this long-term cohort-based project. 22 Thus, the REP provides population-based medical data on the residents of Olmsted County, Minnesota. Since its inception in 1966, the REP has resulted in more than 1,900 biomedical publications.
Olmsted County Healthcare Expenditure and Utilization Database
An extension of the REP is the Olmsted County Healthcare Expenditure and Utilization Database. This database provides a standardized, inflation-adjusted estimate of the costs of each service or procedure provided since 1987 at Mayo Clinic, Rochester and Olmsted Medical Center, and affiliated hospitals in constant dollars. Economic costs are estimated for each line item in the billing record, allowing for the aggregation of costs into clinically relevant categories. More specifically, the database uses a "bottom-up" costing approach; the database categorizes resource utilization based on the Medicare Part A and B classification scheme. Part A billed charges are adjusted by use of hospital cost-to-charge ratios and wage indexes, and the costs of Part B physician services are determined using Medicare reimbursement rates. Although the services provided represent the clinical practice patterns of Mayo Clinic and Olmsted Medical Center providers, the value of each unit of service has been adjusted to national norms by use of widely accepted valuation techniques. 23 Services delivered to nonhospitalized patients that may have been delivered by providers other than Mayo Clinic or Olmsted Medical Center (e.g., dental procedures, ambulance services, stoma supplies, or outpatient pharmacy costs) are not included; infliximab infusion costs are also not included.
Study Subjects
After institutional review board approval, International Classification of Diseases, revision 9, codes were used to identify a cohort of patients with CUC (556.X) who underwent any colectomy (45.X) or any ileostomy (46.X) between January 1, 1988, and December 31, 2006 , in Olmsted County. Of these, only adult patients who were Olmsted County residents at the time of primary or staged total proctocolectomy were included; subjects who underwent segmental colectomy, stoma, or stoma or IPAA revision without concurrent or subsequent proctocolectomy were excluded. Olmsted County residency status was then verified for the date of surgery and for the follow-up periods of interest ( Fig. 2 ) to decrease the likelihood of missing economic data. Subjects who were not residents for the entire period of observation (defined below) were excluded.
Study subjects were stratified into two subgroups based on surgical procedure performed (IPAA and TPC-BI subgroups). Demographic and treatment-related variables were retrospectively abstracted. These included age, gender, body mass index, date of CUC diagnosis, number and types of CUC-related medications, age-adjusted Charlson Comorbidity Index, 24 American Society of Anesthesiologists' classification, technical surgical details, postoperative lengths of stay, and postoperative morbidity (severity graded according to the modified Clavien scale). 25 This scale categorizes complications according to the required management: Grade 1 and 2 complications are minor (nonlife-threatening) and require only medical management; Grade 3 complications are major complications that require endoscopic, percutaneous, or operative reintervention; Grade 4 complications are life-threatening and require critical care; and Grade 5 complications result in death. 
Statistical Analysis
The overall statistical approach was a matched-paired design in which each patient served as his or her own control for two 2-year periods of observation. The periods of observation ( Fig. 2 ) were defined as follows: Period Before (two years before first surgery minus one day), Surgery/ Recovery Period (date of first surgery to date of last surgery plus 180 days), and Period After (two-year period after the date of last surgery plus one day). Descriptive data were presented as median (interquartile range) or frequency (proportion). Descriptive differences in baseline characteristics between the IPAA and TPC-BI subgroups were assessed using Wilcoxon's rank-sum or Fisher's exact probability tests as appropriate.
The primary analysis assessed the mean difference in total estimated healthcare cost (in inflation-adjusted 2007 dollars standardized to national norms) between Period Before and Period After using paired two-sided t-tests and nonparametric bootstrapped 95% confidence intervals. 26, 27 Costs are reported as mean (median) Ϯ standard deviation. Results for the IPAA subgroup and the TPC-BI subgroup were analyzed and reported separately. The costs associated with the Surgery/Recovery Period (costs of all surgeries and surgical recovery) were reported separately.
Secondary measures included the number of hospitalizations, number of inpatient days, number of endoscopic procedures, and abdominal radiographic procedures; uti-lization of these services was categorized using Current Procedure Terminology, revision 4, codes as follows: lower endoscopic procedures (443XX, 453XX) and abdominal imagining (74XXX, 721XX). Differences in these measures were compared using paired two-sided t-tests. Bonferronicorrected P values Ͻ0.05 were considered statistically significant. All descriptive and comparative statistical analyses were performed using SAS version 9.1 and JMP version 8.0 (SAS Institute Inc., Cary, NC).
RESULTS
Over a period of 18 years, a total of 60 Olmsted County residents with CUC were residents for at least two years before they underwent TPC, were residents at the time of TPC, and remained residents for at least two years after recovery from surgery. Of these, 45 (75%) underwent IPAA and 15 (25%) underwent TPC-BI.
Demographics
Baseline characteristics by surgical subgroup are shown in Table 1 . TPC-BI patients were more likely to be older, male, Olmsted County residents at the time of diagnosis of CUC, and to have higher American Society of Anesthesiologists' and Charlson scores. In addition, there was a trend toward TPC-BI patients having a shorter duration of CUC. The indication for surgery and median number of CUC medications did not differ between subgroups; however, patients in the TPC-BI subgroup were more likely to be receiving corticosteroids (P Ͻ 0.001).
The duration of the periods of observation are summarized in Table 2 . As per study design, the duration of Period Before and Period After was two years for each period for all subjects in this study. The Surgery/Recovery Period for the IPAA subgroup, which included patients who underwent one-stage, two-stage, or three-stage restorative proctocolectomy, was significantly longer than the Surgery/Recovery Period for the one-stage or two-stage TPC-BI subgroup (8.9 months vs. 6 months, P ϭ 0.007); hence, the total period of observation was longer for the IPAA subgroup than for the TPC-BI subgroup (4.7 years vs. 4.5 years, P Ͻ 0.001).
Operative Variables and Outcomes of Primary Surgery
Technical details of surgery and outcomes of the first stage of surgery (subtotal colectomy in the case of three-stage IPAA, IPAA with diverting loop ileostomy in the case of two-stage IPAA, total abdominal colectomy (followed by completion proctectomy) in the case of two-stage TPC-BI, and IPAA or TPC-BI in the case of a one-stage procedure) Table 5 . Both subgroups had significant reductions in the mean number of hospital admissions, hospital days, and lower endoscopic procedures. Average numbers of abdominal imaging procedures were also lower, with a trend toward significance in both subgroups.
DISCUSSION
These results demonstrate and quantify that patients who undergo surgery for CUC have significantly lower direct medical costs and consume less healthcare resources in the two-year period after recovery from surgery as compared with the two-year period before surgery. However, the observed cost reduction and potential long-term economic benefit must be viewed in light of the significant expense of surgery and recovery. Nonetheless, CUC patients who came to surgery required significantly more hospitaliza-tions, inpatient hospital days, lower endoscopic procedures, and radiographic procedures before, as compared with after, proctocolectomy. Thus, increased healthcare utilization may be a marker for patients who may benefit from early surgery.
Critics may argue that the results of this study are not surprising and that it is increased disease activity that drives both costs and the need for surgery. Indeed, increased disease activity was the indication for surgery in a majority (87%) of patients in this study; as such our results may be generalizable only to patients who ultimately undergo surgery, which currently is unpredictable. On the other hand, one may conclude that patients with increased disease activity required additional drug therapy (corticosteroids) to manage their symptoms preoperatively and hence were at increased risk of postoperative complications 28, 29 and potentially increased costs after surgery. Our results suggest that this is not the case and that any economic burden associated with surgical complications either does not extend beyond the six-month recovery period after surgery or if they do extend beyond six months, they are insignificant in comparison to the costs associated with increased preoperative disease activity. However, comparative analysis of the economic burden of surgery and its complications in this population was not the aim of the present study.
Our results confirm those of others and add incrementally to the literature that describes the cost of healthcare for CUC patients. 1,30 -34 The estimated annual costs of healthcare as reported by these studies, inflated to 2007 US dollars to be directly comparable with our results, are summarized in Table 6 . Reporting in 1990 US dollars, Hay and Hay 30 reported that the annual costs for CUC patients was $1,488 ($3,208 in 2007 US dollars), with surgery accounting for 50% of the cost. A subsequent study from the United Kingdom described the annual costs of £2,512 ($5,090 in 2007 US dollars), 31 whereas the European Collaborative Inflammatory Bowel Disease project (which included patients from nine countries over ten years) reported annual costs of €1,524 ($2,363 in 2007 US dollars). 32 Finally, in a more recent study Kappelman et al. 1 used a national healthcare insurance claims database to determine the mean annual costs of care for patients with CUC. Based on private insurance records on more than 10,000 patients, they reported annual mean costs of $7,948, of which $5,066 was attributable to UC, with onethird of costs attributable to three categories: hospitalization, outpatient visits, and pharmaceutical costs. Excluding the 15.9% attributable to surgery, this represents $6,684, which compares favorably with the costs observed in the present population-based study. In our study, 70% of costs over the 4 1 ⁄2-year period were attributable to surgery, but this figure is not comparable with those from other studies, which included both medical and surgical patients, because in our study all patients (100%) underwent at least one major surgical procedure.
Apart from studies describing costs of medical and surgical care for CUC, there are conflicting results regarding cost differences between medical and surgical therapy for CUC. In 2006 Bernstein et al. 35 assessed cost differences in 556 inpatient admissions for CUC at a referral center.
They found that the average cost of a medical admission was $2,186 (in 1995 Canadian dollars), whereas that of a surgical admission was $4,635 (P Ͻ 0.001), a 47% difference; they also reported that total parenteral nutrition was a marker for patients who required longer lengths of stay and who consumed the most financial resources. In contrast, Sher et al. 20 reported the results of a matched-case control study of severe CUC that assessed cost differences in 20 medically treated and 20 patients who underwent three-stage restorative proctocolectomy. They reported no significant difference in mean inpatient hospital costs ($28,477 vs. $33,041). However, the medical group patients continued to suffer from their chronic illness, as demonstrated by a significantly higher transfusion requirement, more weight loss, steroid dependency, and steroid-related complications. This study, despite a relatively small sample size, provides evidence that patients with severe CUC may benefit from earlier surgical consultation and intervention.
Several strengths and weaknesses of the present study merit discussion. Being population-based it is not subject to sampling and/or selection bias, but the relatively small cohort size limited our ability to perform secondary analyses. In addition, practice patterns have changed significantly over the 18 years of the study, especially in regard to biologic therapy and laparoscopic surgery, and the influence of these advances on healthcare resource utilization and costs is complex. In recent years, up to 30% of referral CUC patients at our institution received infliximab preoperatively. 14, 36 This biologic agent is administered by outpatient intravenous infusion at Weeks 0, 2, and 6, and then every eight weeks (average retail wholesale cost of $2,800 per infusion (5-mg/kg dose for a 70-kg person) in 2007 dollars), yielding an approximate annual cost of $22,400. However, the cost associated with infliximab may be offset by its ability to decrease the risk of colectomy and hospitalization, as shown in a secondary analysis of data from the first and second Acute Ulcerative Colitis Treatment trials (ACT 1 and ACT 2). 27, 37 On the other hand, patients who do not respond may have increased direct and indirect costs (e.g., those related to staged surgery, 13, 15 postoperative complications, 14, 16 or missed time from work). Thus, the cost effects of increasing use of infliximab have yet to be determined. Regarding laparoscopic colectomy, although operating room costs may be increased, these additional expenses are offset by savings associated with shorter lengths of stay 36, 38, 39 and are therefore cost-effective. 40 -42 Given the recent increased usage of both infliximab and laparoscopic surgery, further study is needed to better define the economic impact of these changes and the impact of nonsurgical therapy and surgery therapy on QOL in this population. Only then will we be able to determine at what point in the natural history of CUC surgery becomes a cost-effective therapeutic option.
In summary, this study demonstrated that after postoperative recovery, patients who undergo surgery for CUC have a significant reduction in healthcare resource utilization and total direct medical costs. These observations suggest that surgical intervention for ulcerative colitis may be associated with long-term economic benefit for those who require surgery.
